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communications link 
includes transmitting 
information at a first power 
level, monitoring for correct 
reception of the transmitted 
information and transmitting 
further information at a 
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the original transmission 
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information. By ^ Z Z Z Z Z 
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power level the probability 
of correct reception is 
enhanced, especially when fll 

the communications link is wireless. A transmitter employing the present invention may offer reduced power consumption since the 
transmission power level used for the original transmission may be lower than that used by a transmitter not benefiting from the present 
invention. 
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DESCRIPTION 



METHOD FOR THE COMMUNICATION OF INFORMATION 
AND APPARATUS EMPLOYING THE METHOD 

5 

The present invention relates to digital communication systems and more 
particularly to the exchange of information over wireless digital communication 
links of varying quality. In comparison to links which are wired, a greater 
variation in quality is usually observed in wireless links, for example the radio 
10 links found in a cellular mobile radio telephone system between mobile 
telephones and basestations. 

Communication systems, including cellular mobile telephone systems 
and networks are making increasing use of digital technology. Cellular mobile 

15 telephone networks require a wireless radio communication link to be 
established between a mobile terminal and a basestation. Second generation 
cellular mobile telephone systems exchange digital signals over the wireless 
radio communications link. 

Digital systems can be exploited to provide greater spectral efficiency of 

20 a radio communications link than is offered by an analogue system and digital 
processing can often minimise the effects of interference. 

In communication systems that rely on wireless links, such as mobile 
communications systems; the quality of these links can vary considerably. A 
number of factors influence the quality of the link and the system must be 

25 tolerant of any such variation. In systems employing an analogue link, a 
reduction in link quality may merely result in a noisy but tolerable link being 
established. However, in systems employing,a digital link, it is important that the 
information sent over the link can be faithfully recovered at the receiving end, 
even when the link quality is poor. The effect of incorrectly received information 

30 depends on the application. For example, in the case of a digital cellular mobile 
radio telephone system employing a wireless radio link, during a telephone 
conversation, incorrect reception and loss of information over the link may just 
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result in a temporary muting of sound. However, with the advent of mobile 
computing, mobile telephone cellular networks are increasingly used for the 
communication of data and in this situation any loss of data is unacceptable. 

Various techniques are known for assisting with correct communication of 
5 digital information over a range of media and some of these techniques fall into 
the category of error detection and correction. One technique is forward error 
correction (FEC) which involves encoding information prior to transmission in 
such a way that any errors occurring during communication may be identified 
and corrected on reception. Another technique is to employ an automatic 

1 0 repeat request (ARQ) error control scheme which involves the retransmission of 
information that is deemed to have been erroneously received or not received at 
all There are various derivatives of the basic ARQ scheme and these are 
employed depending on the feasibility of providing buffer space at the 
transmit/receive ends of the link and the requirement to utilise the link efficiently. 

1 5 Indeed some ARQ schemes do not merely retransmit the same information. In 
the case of these schemes retransmission involves the (re)transmission of only 
a portion of the information, transmission of appropriate FEC information or any 
combination thereof. Various ARQ schemes are well known to the person 
skilled in the art, as is the fact that retransmission may be initiated in the 

20 absence of an acknowledgement that information has been received correctly or 
even incorrectly. This is in contrast to the situation where an explicit request for 
retransmission is sent to the transmitter. When FEC and ARQ techniques are 
combined they can provide a powerful error detection and correction 
mechanism and in certain implementations ARQ operation only becomes active 

25 if FEC fails to recover information. However both techniques are most effective 
when the quality of the link is more predictable and consistent as may be 
provided, for example, by a co-axial cable ajthough wired twisted pair links are 
susceptible to noise. In contrast, with wireless radip communication links, such 
as those employed between mobile cellular telephones and basestations, the 

30 link quality is constantly changing due to the movement should the terminal be 
mobile, obstructions caused by buildings, the geography of the area, weather 
conditions and th$ distance of the wireless link. In particularly poor conditions 
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ARQ techniques will result in multiple retransmissions occurring which may 
cause a delay in data communication and an overall increase in system power 
consumption. Where components of the system, for example mobile terminals, 
rely on battery power this is particularly undesirable. 
5 Where the radio link quality deteriorates because of large signal 

fluctuations, for example at the onset of a deep fade, various prior art remedies 
have been proposed. 

US-A-5 1 05 423 describes a method of shifting down a data transmission 
rate in response to a request from a receiver for retransmission of data frames 

1 0 having errors in them. The data transmission rate is shifted down from a first 
data rate to a second data rate which is used for retransmission. The shift down 
rate is calculated based on the possibility of errors re-occurring during 
retransmission, which is in turn calculated on the basis of the percentage of 
frames that need to be re-transmitted. The reduction in transmission rate is 

15 undesirable in certain applications especially those where rapid data 
transmission is a priority. 

US-A-5 128 965 describes a radio link system where overall transmission 
power is increased should the receiver indicate that the number of errors in the 
received information exceeds a particular threshold. A system described in US- 

20 A-5 713 074 employs power controller apparatus to increase transmit power 
when an error is detected in a transmitted signal, and to reduce the transmit 
power by a smaller amount when no error is detected, thus maintaining a 
constant bit error rate. Error detection is facilitated by returning the received 
signal to the transmitter and comparing the received signal to that transmitted. 

25 The standard TIA/EIA-95-B published on 3 rd February 1999 by the 

Telecommunications Industry Association is developed from interim standard 
TIA/EIA/IS-95 which describes the process ,where a mobile terminal signals a 
fixed system over the air interface for the purpose of gaining access. If the 
mobile terminal does not receive a reply from the fixed system, the mobile 

30 terminal repeats the signalling process but with an increased transmission 
power. This sigrj^lling process is concerned only with the task of obtaining 
access and not with the transfer of traffic. 
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In accordance with a first aspect of the present invention there is 
provided a method of transferring traffic information in units over a wireless 
digital communications link between a transmitting station and a receiving 
5 station comprising the steps of transmitting first information units at a first power 
level; monitoring if correct reception of the transmitted units occurred; and 
transmitting second information units associated with the first information units, 
for which first information units the monitoring did not indicate correct reception 
occurred, at a second power level, which is greater than the first power level, the 
1 0 second information units allowing the content of the first information units to be 
established. 

In one preferred scheme in accordance with the above aspect, the 
content of the second information units is the same as the content of the first 
information units. In this case transmission of the second information units 

1 5 constitutes a retransmission of the first information units. In a second preferred 
scheme in accordance with the above aspect the content of the second 
information units comprises a portion of the content of the first transmission 
units. In this case transmission of the second information units constitutes a 
partial retransmission of the first information units. In a third scheme in 

20 accordance with the above aspect the second information units include error 
correction information and in particular forward error correction information, 
associated with the first information units. In a fourth scheme in accordance 
with the above aspect the second information units include enhanced error 
correction information and in particular enhanced forward error correction 

25 information, associated with the first information units. One or more of the 
above schemes may be combined as will be appreciated and understood by the 
person skilled in the art. 

By transmitting the second information units at a greater power level the 
probability of successful transfer of information is greatly enhanced in situations 

30 where failure of tbe original transmission of first information units occurred, in 
particular if this is due to a low received signal level. While this is a robust 
transfer method, another advantage attributed to the increased likelihood of 
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successful transmission of second information units is a reduction in the 
probability of long transmission delays that can result through the occurrence of 
multiple transmissions of second information units. This is of particular benefit 
where there is a maximum allowable transmission delay, for example in real- 
5 time or substantially real-time systems. 

Typically, monitoring is performed by the transmitting station based on 
information provided by the receiving station. The information provided by the 
receiving station will vary depending on the implementation of the method, 
although examples of the information provided include identification of correct 

10 transfer of units or of incorrect (corrupted) transfer of units or both. The 
monitoring performed by the transmitting station could also include 
circumstances where no monitoring information is received from the receiving 
station for given first information units, which is interpreted as indicating that 
correct reception of the first information units did not occur. 

1 5 The method may be used in conjunction with forward error correction 

(FEC) techniques as mentioned above. In this case there may be no need to 
transmit associated second information units for first information units that have 
been incorrectly received (corrupted) if the content of the transmitted first 
information units can be recovered by FEC techniques at the receiving station. 

20 Preferably the monitoring step suitably accommodates for this eventuality, for 
example through the receiving station not providing information that would 
initiate a transmission of second information units. 

Preferably the first power level is selected to be the lowest level which 
corresponds to a, maximum allowable probability of failed transmission and 

2 5 consequent transmission of associated second^ information units. 

In accordance with a second aspect of the present invention there is 
provided a digital wireless communications system comprising at least one 
transmitter having means for transmitting first information units at a first power 
level; at least one receiver having means for receiving the transmitted 

30 information units; control means for controlling the transmitter output power and 
monitoring means, for monitoring if correct reception of the transmitted units 
occurred at the receiver, wherein the transmitting means transmits second 
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information units associated with the first information units for which first 
information units the monitoring means does not indicate correct reception has 
occurred, the second information units being transmitted at a second power 
level that is greater than the first power level, the second power level being 
5 selected by the control means and wherein the second information units allow 
the content of the first information units to be established. In this case the 
control means could be made responsive to the monitoring means. 

In accordance with a third aspect of the present invention there is 
provided a transmitter station for digital wireless transmission of traffic 

10 information to a receiver, said transmitter station having a transmitter for 
transmitting first information units at a first power level; control means for 
controlling the transmitter output power; and monitoring means for monitoring if 
correct reception of the transmitted units occurred at the receiver, wherein the 
transmitter transmits second information units associated with the first 

1 5 information units for which first information units the monitoring means does not 
indicate correct reception has occurred, the second information units being 
transmitted at a second power level that is greater than the first power level, the 
second power level being selected by the control means and wherein the 
second information units allow the content of the first information units to be 

20 established. In this case the control means could be made responsive to the 
monitoring means. 

Preferably the control means of the system or transmitting station selects 
the first power level to control the average power consumption of the transmitter 
in order to maintain a minimum average power consumption taking into account 

25 the first power level and the second power level for the consequent probability of 
transmission of second information units. This is particularly beneficial where 
power is provided by an exhaustible power source such as a battery. 
Alternatively the fj^st power level may be set to maintain a minimum average 
power consumption for an allowable maximum probability of transmission of 

30 second information units occurring. 

The invention will now be described by way of example with reference to 
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the accompanying drawings. 

Figure 1 is a schematic representation of a typical cellular mobile radio 
telephone communications system employing at least one wireless radio 
communications link. 

5 Figure 2 is a schematic representation of components in a transmitter 

stage from the system of Figure 1 . 

Figure 3 illustrates the operation of a typical known automatic repeat 
request (ARQ) error control scheme. 

Figure 4 illustrates the operation of an implementation of an error control 
1 0 scheme in accordance with the present invention. 

Referring to Figure 1 , a communications system 1 in the form of a cellular 
mobile radio telephone system includes a switching centre 10, which is 
connected to the public switched telephone network (PSTN) and to other data 

1 5 networks if required. The switching centre is typically one of a number of 
switching centres and a number of basestations 20 are connected to each 
switching centre. The main function of the basestations 20 is to establish a 
radio link 30 with a terminal 40, such as a mobile telephone and therefore allow 
communication between the mobile terminal 40 and the rest of the system. 

20 Although the system employs a radio link, the present invention relates also to 
transmitting information over other types of links that do not necessarily operate 
in the radio frequency part of the electromagnetic spectrum, and such 
references to "radio" links are made by way of example only. Each basestation 
20 is usually capable of supporting a plurality of such links 30 and therefore a 

25 plurality of mobile terminals 40. The basestation 20 and the terminals 40 are 
each provided with radio transmitting and receiving means for establishing the 
links 30. It is as|umed that the radio link ,30 is digital and furthermore may 
employ techniques such as Time Division Multiple Access (TDMA) or Code 
Division Multiple Access (CDMA). . . 

30 In use, the quality of a link 30 established between the basestation 20 

and the terminal 40 will vary considerably and the system must be tolerant of 
fluctuating link quality. Where digital information is being exchanged, as in the 
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present example, this may result in the incorrect reception of digital information. 
Error correction techniques such as forward error correction (FEC) may be 
employed which can allow recovery of the correct information from the 
incorrectly received information. As the quality of the link 30 deteriorates further 
5 FEC techniques may not be adequate to recover the correct information and in 
this case there is no alternative but to initiate further transmission for any 
incorrectly received information. These further transmissions may take a variety 
of forms although one practice is to employ ARQ schemes as mentioned earlier. 
In each case, regardless of the scheme chosen the further transmissions may 

10 be considered as the transmission of second information units that are 
associated in some way to (failed) previously transmitted first information units. 
As also mentioned above the further transmissions (of second information units) 
can involve a straightforward retransmission of information, (re)transmission of 
only a portion of the information, transmission of appropriate FEC information, 

15 transmission of enhanced FEC information or any reasonable combination 
thereof. However, for the purpose of illustrating the present invention, and by 
way of example only, the following specific description relates to a typical ARQ 
scheme where the transmission of second information units actually constitutes 
a repeat transmission of (failed) first transmission units. 

20 The retransmission of information occurs without the intervention of a 

user and is therefpre called an automatic repeat request (ARQ). By way of 
example only, a typical ARQ scheme may be understood by reference to Figure 
3 which shows the frame sequence of a so called selective RQ scheme ARQ 
implementation (where a frame is a unit of information transferred across the 

25 data link 30 of this example). This known scheme is discussed in more detail in 
the publication "Data Communications, Computer Networks and OSP (second 
edition) at page t26 - 127 by Fred Hals^ll and published by the Addison- 
Wesley Publishing Company. Although information often flows in both 
directions across a link, Figure 3 shows a situation where information is being 

30 sent from a sender (S) to a receiver (R) in the form of a number N of information 
frames I. Each transmitted frame contains a unique identifier which allows the 
sender S and the receiver R to keep track of individual frames. Both the sender 
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and the receiver are provided with buffer storage space C 8 and C R respectively 
to record the frames that have been sent or received. When, for example, the 
frame I (N) denoted as 101 is transmitted by the sender S, this is recorded in the 
buffer C 8 . Frames are sent continuously and the contents of C 8 form a 
5 (provisional) retransmission list. The receiver R returns an acknowledgement 
ACK to S for each correctly received frame and also records a list of correctly 
received frames in the buffer C R When the sender S receives 
acknowledgement ACK from the receiver R that a particular frame has been 
received correctly, sender S removes from the buffer C 8 the entry that 

1 0 corresponds to that acknowledged frame. Each I frame is coded to permit the 
receiver R to establish that the I frame is not corrupted. Various ways of doing 
this include the use of cyclic redundancy check (CRC) error checking. Now with 
further reference to Figure 3, it is assumed that frame I (N+1) which is denoted 
as 102 becomes corrupted during transmission which is shown as a crossed 

1 5 line. This results in the absence of an acknowledgement for the I frame N+1 
while acknowledgement ACK of the other illustrated frames N, N+2, N+3 ... 
occurs normally. The sender S detects frame N+1 has not been acknowledged 
causing sender S to retransmit the frame as is denoted at 1 03. Depending upon 
the particular implementation of the ARQ scheme, subsequent retransmission 

20 may occur until correct receipt of a frame is acknowledged. 

Where multiple retransmissions occur this can cause problems in certain 
systems. Firstly, multiple retransmissions may cause a significant delay. A 
second problem occurs in systems where large messages are transferred which 
are required to be broken into a number of frames. Because the frames must 

25 be reassembled in the correct order before the message can be recovered, this 
can require the use of large buffer storage space for temporary storage of 
frames received out of sequence. This is illustrated in the above example where 
frame (N+1) is retransmitted after transmission of frame (N+4). In order to 
recover the original message it is necessary for the receiver R to buffer the 

30 frames N+2, N+3 and N+4 which have been received out of sequence. 
Alternatively, or in addition to this buffering, the transmitter may buffer frames 
ready for retransmission. 
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In data communication systems employing a physical link, such as a 
coaxial cable, incorrect transfer of information is frequently caused by spurious 
noise or collision of data, in which case simple retransmission of data is likely to 
be successful on the first attempt. However, in the case of a wireless 
5 communication link, such as that employed between a mobile terminal 40 and_a 
basestation 20, incorrect transmission of information is often caused by a weak 
signal reaching the receiving end of the link. Furthermore this signal strength 
may be constantly varying due to a changing operating environment and in 
these situations a simple retransmission of incorrectly received information may 

10 be unsatisfactory. In this case and in accordance with the present invention, 
information that needs to be retransmitted is sent over the link 30 with a 
transmission power that is greater than the transmission power used to transmit 
that information originally. This is illustrated in Figure 4, which shows the same 
frame transmission sequence of Figure 3 along the x-axis and transmission 

1 5 power on the y-axis. Frames are normally transmitted at power P 1 whereas 
retransmitted frames are transmitted at power P R . This increases the probability 
of repeated information being successfully received on retransmission, 
especially under conditions where signal strength is weak or fading occurs. 
Furthermore the increased likelihood of successful communication resulting on 

20 the first retransmission allows a smaller buffer space to be employed in the 
transmitter and/or receiver for storing frames or a list of frames. The increased 
likelihood of successful communication resulting on the first retransmission can 
also result in reduced delay when sending the information, which is 
advantageous when carrying real time information such as video or audio. 

25 Benefits may also result when transmitting other types of information for which a 
transmission delay beyond a predetermined period is unacceptable. The power 
amplitude of the retransmitted frames (second information units) may, for 
example, be in the order of 3dB higher than the power amplitude used for the 
initial transmission of the frames (first information units) although other 

30 amplitudes may bg chosen to give different relative powers and the above value 
is not intended to limit the scope of the present invention. 

Figure 2 shows components of the transmitter stage in a basestation 20 
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retransmission power only after the first or a plurality of initial retransmission 
attempts have failed, thus providing greater scope for a reduction in power 
consumption. 

Another variation on the basic scheme is to provide a progressive power 
5 increase for information that is retransmitted more than once. This further 
reduces the probability of unsuccessfully transmitted information being further 
delayed as a result of multiple retransmissions. In some cases it may be 
desirable to limit the maximum allowable number of retransmission attempts for 
a given initial transmission. 

1 0 Whilst the present invention offers direct advantages in terms of reliable 

communication of information and a reduction in power consumption, other 
indirect advantages may be enjoyed through the correct implementation of the 
present invention. A lower initial (hence average) transmission power can result 
in reduced interference with other transmissions. An example of this in a 

15 cellular system would be observed as a reduction in overall co-channel 
interference (and a possible reduction in other types of interference) since the 
duration of the high power transmissions is relatively short. This can result in 
less interference to other users. 

Although the present invention has been described with reference to a 

20 known ARQ scheme this is not intended to indicate any limitation. As described 
the present invention may be primarily considered as a special ARQ scheme in 
which case the information is generally digital data organised into frames or 
packets. In this case the invention may be considered as an automatic repeat 
request error control scheme wherein transmitted data frames or packets which 

25 are deemed to have been unsuccessfully communicated are complemented 
with further transmissions at a power level greater than the power used to 
transmit the data frames or packets originally. The present invention is also in 
keeping with techniques where first and subsequent transmissions or 
retransmissions may be combjned to recover information. In such techniques it 

30 may be preferable to employ some type of averaging, and in this case may also 
be preferable to give more "weight" to information transmitted at a higher power. 
While the present invention will be of greatest use over a wireless radio link, it 
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may also in principle be implemented in systems employing links of other 
mediums, for example co-axial cable, twisted pairs and so on, although the 
issue of power consumption is normally of minor importance in wired 
communication links. Furthermore, although the present invention has been 
5 described with reference to an example employing transmission from a fixed 
terminal to a portable terminal, it will be apparent to the person skilled in the art 
that the present invention is not so limited in application. That is the present 
invention may be employed in the transfer of information in either direction over 
a communications link or in both directions, irrespective of the fact that the 

1 0 transmitting station and/or receiving station is fixed or mobile. It will also be 
apparent to the person skilled in the art that in a two way communications 
system a transmitting station may be combined with a receiving station. 

From reading the present disclosure, other modifications will be apparent 
to persons skilled in the art. Such modifications may involve other features 

1 5 which are already.known in the design, manufacture and use of systems and 
devices and component parts thereof and which may be used instead of or in 
addition to features already described herein. 
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CLAIMS 

1. A method of transferring traffic information in units over a wireless 
digital communications link (30) between a transmitting station (20) and a 
5 receiving station (40) comprising the steps of: 

transmitting first information units at a first power level; 
monitoring if correct reception of the transmitted units occurred; 
and 

transmitting second information units associated with the first 
1 0 information units, for which first information units the monitoring did not indicate 
correct reception occurred, at a second power level which is greater than the 
first power level, the second information units allowing the content of the first 
information units to be established. 

15 2. A method in accordance with Claim 1 wherein the content of the 

second information units is the same as the content of the first information units. 

3. A method in accordance with Claim 1 or 2 wherein the units are 
data frames or packets of data (101, 102, 103). 

20 

4. A method in accordance with Claim 1, 2 or 3 wherein monitoring is 
performed by the transmitting station (20) based on information provided by the 
receiving station (40). 

25 5. A method in accordance with any one of Claims 1 to 4 wherein the 

first power level is selected to be the lowest level to correspond to a maximum 
allowable. probability of failed first information, units transmission and consequent 
second informatior) units transmission. 



30 



6. A digital wireless communications system (1) comprising at least 
one transmitter (20) having means (50) for transmitting first information units 
(1 01 , 1 02) at a first power level; 



WO 00/19634 



Page 18 of 24 



* '< * 

WO 00/19634 PCT/EP99/06631 

16 

at least one receiver (40) having means for receiving the 
transmitted information units; 

control means (60) for controlling the transmitter output power; 

and 

5 monitoring means (70) for monitoring if correct reception of the 

transmitted units occurred at the receiver, 

wherein the transmitting means (50) transmits second information 
units (103) associated with the first information units (101, 102) for which first 
information units (102) the monitoring means (70) does not indicate correct 
10 reception has occurred, the second information units being transmitted at a 
second power level that is greater than the first power level, the second power 
level being selected by the control means (60), and wherein the second 
information units allow the content of the first information units to be established. 

15 7. A transmitter station (20) for digital wireless transmission of traffic 

information to a receiver (40), said transmitter station having: 

a transmitter (50) for transmitting first information units (101, 102) at a 
first power level; 

control means (60) for controlling the transmitter output power; and 
20 monitoring means (70) for monitoring if correct reception of the 

transmitted units occurred at the receiver, 

wherein the transmitter (50) transmits second information units (103) 
associated with the first information units (101, 102) for which first information 
units (102) the monitoring means (70) does not indicate correct reception has 
25 occurred, the second information units being transmitted at a second power 
level that is greater than the first power level, the second power level being 
selected by the control means, and wherein,the second information units allow 
the content of the first information units to be established. 

30 8. A communication system (1) or transmitter station (20) in 

accordance with claim 6 or 7 respectively wherein the content of the second 
information units is the same as the content of the first information units. 
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9. A communication system in accordance with Claim 6 wherein the 
system (1) is a cellular mobile radio telephone system. 

10. A transmitter station in accordance with Claim 7 wherein the 
transmitter station (20) is employed as a component of a cellular mobile radio 
telephone system. 

11. A communications system or transmitting station in accordance 
with any one of claims 6 to 10 wherein the control means (60) selects the first 
power level to control the average power consumption of the transmitter (20, 50) 
in order to maintain a minimum average power consumption taking into account 
the first power level and the second power level for the consequent probability of 
transmission of second information units. 
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